Objective. This study aimed to determine whether [
Introduction
Idiopathic inflammatory myopathy is a heterogeneous condition characterized by symmetrical muscle weakness and elevated serum levels of skeletal muscle-derived enzymes. PM and DM are the major disease subgroups of idiopathic inflammatory myopathy, which have common and also distinct clinical and histological features [1, 2] . Although some genetic and environmental factors are considered to be involved in the pathogenesis of chronic muscle inflammation, the aetiology of PM/DM remains largely unknown [3, 4] .
Muscle enzymes such as creatine kinase (CK) and aldolase and EMG provide information that indicates myogenic pathologies and are the major noninvasive diagnostic measures in PM/DM. However, since these measures do not accurately discriminate inflammatory and non-inflammatory myopathies, muscle biopsy remains the gold standard in the diagnosis of PM/DM despite its invasiveness, which can cause pain and other complications. Infiltration of inflammatory cells and degeneration and regeneration of muscle fibres are the common histopathological findings of PM/DM, although the dominant inflammatory cell types and the typical site of infiltration within the muscle are different between PM and DM [5] . The limitation of histopathological assessment of myositis is that a biopsy specimen does not always reflect the presence of inflammation or the global activity and severity of myositis in patients with PM/DM because the distribution of muscle lesions is frequently patchy [6] .
Imaging can supplement the weakness of conventional measures. MRI detects inflammatory oedema in the affected muscle and has been increasingly used for diagnosis, guidance of biopsy and assessment of disease activity in the management of PM/DM [710] . However, a routine MRI does not cover all the proximal muscles that are frequently involved in PM/DM due to the limitation in the size of the field of view (FOV). Although several groups recently reported the utility of whole-body MRI in the assessment of inflammatory myositis [11, 12] , the length of the procedure and the limited resolution are issues for its use in clinical practice.
[ 18 [21, 22] . In this study, we used a novel quantitative method for the global assessment of FDG uptake in the proximal muscles and aimed to determine whether [
18 F]FDG-PET/CT discriminates PM/DM from non-muscular diseases. We also investigated whether the muscular FDG uptake reflects the activity and severity of muscular inflammation at an individual patient level and also at each muscle level. 
Patients and methods

Patients
Muscle strength evaluation
Muscle strength was evaluated by manual muscle test (MMT) and was graded using Kendall's 0-to 10-point grading scale as previously described [23, 24] . In order to focus on the muscles that are frequently involved in PM/DM and large enough for the method to evaluate [ 18 F]FDG uptake described below, seven proximal muscle groups (trapezius, deltoid, biceps, iliopsoas, gluteus medius, gluteus maximus and quadriceps) were chosen for the muscle evaluation. MMT in this set of proximal muscle groups was validated in the previous study [25] .
MRI
MRI was performed using a 1. Patients rested during the uptake period in order to minimize non-specific FDG uptake in muscles. An integrated PET/CT (Discovery ST, GE Medical Systems, Milwaukee, WI, USA) was used for image acquisition. CT scanning was performed with 140 kV, 50 mA, a pitch of 1.75, a section thickness of 3.75 mm, an FOV of 50 cm and a matrix size of 512 Â 512. Immediately after the unenhanced CT scan, a PET scan was performed with a section of thickness 3.27 mm, a matrix size of 128 Â 128 and an acquisition time of 2 min. PET data sets were reconstructed iteratively with an ordered subsets expectation maximization algorithm and segmented attenuation correction (2 iterations, 21 subsets) and the CT data. SUV was calculated by the following formula: SUV (g/ml) = regional radioactivity concentration (Bq/ml)/[injected dose (Bq)/body weight (g)]. Region of interest (ROI) (20 mm diameter) was manually placed by a single trained radiologist (K.U.) at the region with the highest FDG uptake in each muscle, excluding the region obviously influenced by FDG uptake in other anatomical structures. In order to avoid noise and obtain the value representing a certain volume of muscle tissue, SUV was calculated as the mean value of ROI instead of the maximum value at a single pixel. Seven proximal muscles (trapezius, deltoid, biceps, iliopsoas, gluteus medius, gluteus maximus and quadriceps) were evaluated bilaterally corresponding to the muscle groups where MMT was performed. The size of these muscles was large enough to place the ROI (supplementary Fig. S1 , available at Rheumatology Online). For patient-based assessment, a mean proximal muscle SUV for an individual patient was calculated by averaging the SUVs for these muscles bilaterally (14 muscles).
Histological assessment of inflammation
Infiltration of inflammatory cells in the muscle was assessed with haematoxylin and eosin (HE)-stained samples and was graded with a previously described 5-point grading system: 0, no inflammatory cells present; 1, slight inflammation; 2, moderate; 3, obvious; 4, strong [10] . Stained samples were evaluated by three examiners (T.I., Y.S. and A.O.) who were blinded to the clinical and imaging data, and the mean values of the three independent grades were presented.
Statistical analysis
Statistical analysis was performed using SPSS version 16.0J (IBM Japan, Tokyo, Japan). Data were summarized with the median and interquartile range (IQR) and analysed for statistical significance by using a Mann Whitney U test or Spearman's correlation coefficient. P-values <0.05 were considered statistically significant.
Results
Characteristics of patients with PM/DM and control diseases
Twenty Japanese patients with new-onset PM/DM who underwent [
18 F]FDG-PET/CT before receiving initial corticosteroid therapy were identified. [
18 F]FDG-PET/CT was performed primarily for malignancy screening. Either muscle biopsy (n = 19) or EMG (n = 19) was performed in all patients to confirm the diagnosis. Demographics and disease characteristics of these patients are shown in Table 1 . Female (n = 16, 80%) and DM patients (n = 15, 75%) predominated. Median age was 62 years (IQR 4167 years) and the median duration of muscle symptoms was 5 months (IQR 36.25 months). One patient (case 9) had only rash and minimal myalgia when [ 18 F]FDG-PET/CT was performed, but later developed proximal muscle weakness with elevated muscle enzymes and was diagnosed with conventional DM instead of amyopathic DM. Another patient (case 16) had a chronic onset of weakness in the proximal muscles and rash and had a disease duration of 60 months when she was diagnosed with DM. The muscle biopsy specimen revealed histological findings consistent with DM with no inclusion bodies. One patient (case 5) had gastric cancer. Anti-Jo-1 antibody was negative in all patients and other myositisrelated autoantibodies were not investigated in this study. All patients achieved clinical remission of myositis with either corticosteroid therapy alone or combination therapy with immunosuppressive agents. No patients have received any alternative diagnosis for their muscle weakness for a median follow-up period of 19 months (IQR 828 months).
Twenty age-and sex-matched Japanese patients with non-muscular diseases were also identified. The proportion of females and the median age were identical to PM/DM patients. Diagnoses of these control patients were malignant tumours (n = 15), benign tumours (n = 3) and inflammatory diseases (n = 2).
Discrimination between PM/DM and non-muscular diseases using mean FDG uptake in proximal muscles Fig. 1 Correlation of mean proximal muscle FDG uptake with global disease activity and severity of myositis
We next assessed whether the mean FDG uptake in proximal muscles correlates with the disease activity and severity of myositis. As shown in Fig. 3 , mean proximal muscle SUVs significantly correlated with mean proximal MMT scores ( = 0.49, P = 0.028) and serum levels of CK ( = 0.54, P = 0.015) and aldolase ( = 0.64, P = 0.002). In case 1, [ 18 F]FDG-PET/CT revealed intensive inflammation in the erector muscles of the spine, which was reflected in the extremely elevated serum level of CK (54 318 U/l) but not the mean proximal muscle SUV (0.88 g/ml) because erector muscle of the spine was not included in the seven proximal muscles assessed in this study. These results suggest that [ 18 F]FDG-PET/CT not only detects the presence of inflammatory myositis, but also reflects the global activity and severity of myositis in PM/DM patients.
Correlation between regional FDG uptake and corresponding muscle weakness
We next investigated whether the regional FDG uptake in each proximal muscle correlates with corresponding muscle weakness. As shown in MMT scores (n = 280, = 0.34, P < 0.001). In subgroup analysis, SUVs in the trapezius ( = À0.50, P < 0.001), deltoid ( = À0.55, P < 0.001), iliopsoas ( = À0.42, P = 0.007), gluteus maximus ( = À0.43, P = 0.006) and quadriceps ( = À0.46, P = 0.003) significantly correlated with the corresponding MMT scores (supplementary Table S1 , available at Rheumatology Online). These results indicate that the regional muscular FDG uptake reflects inflammation that causes weakness in the same muscle. The lack of significant correlation in gluteus medius ( = À0.27, P = 0.089) was probably due to the lack of statistical power. For biceps ( = À0.19, P = 0.231), the muscle strength seemed to be affected by arthralgia in the hands and wrists in some cases, which could have confounded the analysis.
Correlation between regional FDG uptake and inflammatory cell infiltration Finally, we assessed whether the muscular FDG uptake correlates with the intensity of inflammatory cell infiltration at a biopsy site. As shown in Fig. 4B , SUVs in proximal muscles from which biopsy specimens were obtained significantly correlated with the histological grade for the infiltration of inflammatory cells (n = 19, = 0.58, P = 0.009).
Disease type-specific analysis showed similar trends both in PM (n = 5, = 0.78, P = 0.233) and in DM (n = 14, = 0.48, P = 0.080). These results demonstrate that the regional FDG uptake in a muscle reflects the infiltration of inflammatory cells in the same muscle.
Discussion
In this study, we developed a novel quantitative method for the assessment of mean FDG uptake in the proximal muscles that represents the global inflammatory activity of myositis. By using this method, we demonstrated that [
18 F]FDG-PET/CT can discriminate PM/DM from non-muscular diseases and can be more sensitive than MRI to detect muscle inflammation, at least in some patients with PM/DM. A previous Japanese study reported the low sensitivity of [ 18 F]FDG-PET/CT to detect muscle inflammation in patients with PM/DM [21] . However, as they discussed in their article, the sensitivity of [ 18 F]FDG-PET/CT was decreased, probably because of their too strict definition for the presence of abnormal muscular FDG uptake, by which a muscle with FDG uptake equal to or higher than physiological liver uptake was interpreted as positive. In fact, when we applied the same definition in our cases, only 10 cases (50%) were positive for [ 18 F]FDG-PET/CT (data not shown). Since PM/ DM is a systemic condition that unevenly affects multiple muscles, discriminating PM/DM from non-muscular diseases based on a single most inflamed muscle might be difficult, irrespective of the threshold. On the other hand, the mean proximal muscle SUV we employed in this study includes all major proximal muscles and actually demonstrated a superior discriminating capacity. Further studies   FIG. 3 Correlation of mean proximal muscle FDG uptake with global disease activity and severity of myositis.
Correlations of mean proximal muscle SUVs with mean MMT scores (A) and serum levels of creatine kinase (B) and aldolase (C) are illustrated. Presented in the figures are Spearman's rank correlation coefficients (). *P < 0.05, **P < 0.01. We also demonstrated that mean proximal muscle SUV reflects the global activity and severity of myositis in PM/DM patients. Pipitone et al. [22] reported that although muscular FDG uptake was significantly higher in patients with PM/DM than in those with non-muscular diseases, the correlation between muscular FDG uptake and the disease activity of PM/DM was not statistically significant. The lack of significant correlation might have been due to the small number of cases (n = 12), the influence of immunosuppressive therapy, which was given to most of the patients, or the different method employed in the evaluation of muscular FDG uptake. The maximum SUVs from four proximal limb muscles were averaged in their study. The method is semiquantitative but does not thoroughly assess all the proximal muscles as our method does. The practical implication of our positive result is that [ The most important and novel finding in our study is that the regional FDG uptake reflects the corresponding weakness of the same muscle group and correlates with the infiltration of inflammatory cells in the biopsy specimen obtained from the same muscle. Although previous studies have already shown that FDG uptake is increased in inflammatory lesions due to the presence of metabolically active cells such as lymphocytes [26, 27] , no studies have actually demonstrated the direct association between FDG uptake and inflammation in the same muscle in PM/DM. Our muscle-based data on histopathology and function provide the theoretical basis for the use of [ 18 [28] . In fact, the advanced gastric cancer in one of our patients (case 5) was clearly depicted with marked FDG uptake by PET/CT (supplementary Fig. S2 . FDG uptake in proximal muscles reflects the activity and severity of muscular inflammation in PM/DM. . Regional FDG uptake is informative in determining the site for muscle biopsy in PM/DM.
